Background. Our objective was to assess the therapeutic noninferiority of dual therapy with darunavir/ritonavir and lamivudine compared to triple therapy with darunavir/ritonavir plus 2 nucleos(t)ides for maintenance of human immunodeficiency virus type 1 (HIV-1) suppression.
randomized clinical trials. Compared to patients who continued triple therapy, the combination of atazanavir/ritonavir and lamivudine demonstrated noninferior efficacy for maintenance of virological suppression after up to 96 weeks of follow-up. The OLE clinical trial [5] also demonstrated that the dual combination of lopinavir/ritonavir and lamivudine had noninferior therapeutic efficacy for maintenance of virological suppression during 48 weeks compared to continuation of triple therapy with lopinavir/ritonavir and 2 nucleos(t)ides.
Due to its efficacy and safety profile, darunavir boosted with ritonavir or cobicistat is the preferred protease inhibitor in most international guidelines of HIV therapy [6, 7] . To the best of our knowledge, there are no clinical trial data about the efficacy of dual therapy with boosted darunavir and lamivudine.
We performed a randomized, open-label, clinical trial and compared dual therapy with darunavir/ritonavir and lamivudine to continuation of darunavir/ritonavir and 2 nucleos(t) ides. Our objective was to assess the therapeutic noninferiority of the dual-therapy strategy compared to triple therapy over 48 weeks of therapy.
METHODS

Study Design and Participants
The DUAL study (DarUnavir And Lamivudine) is a phase 4, randomized, open-label, multicenter, parallel-group, noninferiority clinical trial that took place at 24 sites in Spain. At recruitment, eligible participants were HIV-infected adults (aged 18 years or older) on a stable antiretroviral regimen that consisted of darunavir/ritonavir 800/100 mg once daily and 2 nucleos(t)ides (tenofovir disoproxil fumarate and emtricitabine or abacavir and lamivudine) for at least 4 weeks. Participants had a plasma HIV-RNA viral load of <50 copies/mL for a minimum of 6 consecutive months. Participants in any line of therapy could be enrolled, after excluding those with prior resistance to darunavir/ritonavir or lamivudine/emtricitabine (confirmed by genotypic tests that showed any of the following resistance mutations: M184V/I, K65R in reverse transcriptase and/or V11I, V32I, L33F, I47V, I50V, I54L/M, G73S, T74P, L76V, I84V, L89V in protease, or suspected by the history of virological failures or discontinuations). Patients with a positive hepatitis B serum surface antigen were also excluded.
The study was performed in accordance with the Declaration of Helsinki. The protocol was reviewed and approved by the Autonomous Community of Madrid Ethics Committee, as the reference committee, and by all committees from all the participating hospitals. Every participant gave written informed consent before undergoing study procedures.
Randomization and Masking
Eligible participants were randomly assigned (1:1) to either switch to lamivudine 300 mg once daily plus darunavir/ritonavir 800/100 mg once daily (dual therapy) or to remain on ongoing triple therapy. Once participants had satisfied all eligibility requirements and were stratified by nucleos(t)ide combination (tenofovir/emtricitabine or abacavir/lamivudine), the treatment arm was assigned using a centralized web-based randomization process. Patients were randomized in a 1:1 ratio to switch the nucleos(t)ides for lamivudine or continue the same regimen. The random number sequence was computer generated. The study design was open label, so participants and investigators were not masked to group allocation.
Outcomes
The primary endpoint was the proportion of participants with suppressed viral load (HIV-RNA <50 copies/mL) after 48 weeks of follow-up according to the Food and Drug Administration (FDA) snapshot algorithm [8] in the intention-to-treat exposed (ITT-e) population. In this analysis, those participants whose last HIV-RNA result was <50 copies/mL in the analysis window (48 weeks, ±6 weeks) were counted as responders. Patients whose HIV-RNA was not suppressed or who withdrew, changed antiretroviral therapy, or did not have data at the analysis time point were counted as nonresponders.
Secondary endpoints included the proportion of participants with response according to the time to loss of virological response (TLOVR) algorithm [9] and the proportion of participants with virological failure, defined as HIV-RNA >50 copies/mL in the 48-week window or discontinuation before week 48 due to lack of efficacy. Additional secondary endpoints were proportion of participants with emergent mutations of resistance, proportion of participants with 1 or more blips (defined as an unconfirmed episodes of detectable viral load), change in CD4 cell count, safety, and tolerability of the 2 regimens up to week 48.
Procedures
Post-baseline study visits occurred at weeks 4, 12, 24, 36, and 48 . We assessed safety with laboratory tests, physical examinations, and reporting of adverse events. Hematology, serum chemistry, urinalysis, CD4 cell count, and fasting lipid concentrations were measured at a designated local laboratory for each study site.
Plasma HIV-RNA concentrations were measured using the techniques available locally at each site, including branched DNA, nucleic acid sequence-based amplification, and real-time polymerase chain reaction. Resistance testing was attempted in every sample with viral load >400 copies/mL.
Statistical Analyses
All analyses were prespecified in the protocol. No interim analysis was performed before week 48.
We assessed virological outcomes in the following 3 populations: the ITT-e population (defined as all participants who received at least 1 dose of study treatment); the per-protocol (PP) population (defined as all participants who received at least 1 dose of study treatment and who had no deviation to the eligibility criteria); and the security, ITT population (all randomized participants).
For the primary endpoint, we analyzed the ITT-e population. For the sensitivity analysis, we analyzed the primary endpoint in the PP and ITT populations. We also analyzed the proportion of participants with response using an observed data approach, censoring participants who discontinued due to nonvirological reasons, and the TLOVR algorithm.
In the primary efficacy analysis, noninferiority was established if the lower bound of a 2-sided 95% confidence interval (CI) for the difference in proportions (dual-therapy group minus triple-therapy group) of participants without failure at week 48 was higher than -12%. A 12% noninferiority margin was chosen based on similar trials of switching antiretrovirals in aviremic HIV-infected participants [4, 5, 10, 11] .
The original sample size estimation was 256 participants. It was calculated that this sample size provides 80% power to establish noninferiority for the proportion of participants without therapeutic failure at week 48, with an assumed response rate of 88% in both groups, noninferiority margin of -12%, and a 10% rate of losses to follow-up.
We used an independent-samples t test to compare means for continuous variables and a Wilcoxon test to compare medians for nonnormally distributed continuous variables. Adjusted differences of the mean change in CD4 cell counts, lipids, and renal parameters at week 48 compared to baseline and the test of significance were assessed with a multivariable linear regression using as covariables the group of therapy (dual or triple) and the baseline value (analysis of covariance). We assessed the association between categorical variables using the χ 2 test when samples were of sufficient size or with the Fisher exact test when they were not.
RESULTS
Between July 2014 and April 2015, 260 participants were screened and 257 were randomly assigned: 129 to dual therapy and 128 to triple therapy ( Figure 1 ). Of the 257 randomized participants, 249 received at least 1 dose of study medication: 126 in the dual-therapy group and 123 in the triple-therapy group. Baseline characteristics were balanced between study arms (Table 1 ) except for length of time with suppressed viremia, which was shorter in the dual-therapy group (79.5 vs 113 weeks). Ninety-three (74%) and 33 (26%) participants were previously receiving tenofovir or abacavir, respectively, in the dual-therapy arm. Ninety-three (76%) and 30 (24%) were previously receiving and continued with a tenofovir-or abacavir-containing regimen in the triple-therapy arm. At week 48, proportions of participants with HIV-RNA viral loads <50 copies/mL in the dual-and triple-therapy arms, respectively (ITT-e population, snapshot analysis), were 88.9% (112/126) vs 92.7% (114/123; difference, -3.8%; 95% CI, -11.0 to 3.4), meeting a priori criteria for noninferiority ( Figure 2A ). Sensitivity analysis in the PP and ITT population and the analysis using the observed data approach or TLOVR algorithm confirmed these findings ( Figure 2B , Supplementary Table S1 ). Mean changes in CD4 count from baseline to week 48 were +33 cells/ µL in the dual-therapy arm and +25 cells/µL in the triple-therapy arm (adjusted difference, 8 cells/µL; 95% CI, -38 to 54).
Four participants in the dual-therapy group and 2 in the triple-therapy group developed protocol-defined virological failure. Two participants in each arm had virological failure due to low-level, Figure 1 . Trial profile. Dual therapy, switch to darunavir/ritonavir + lamivudine. Triple therapy, maintain darunavir/ritonavir + 2 nucleos(t)ides. Per protocol population excludes patients who received the assigned therapy with protocol deviations. *, Detectable viral load at screening; **, one patient was receiving a single nucleoside at baseline; 1 patient with history of M184V mutation in a previous genotype; ***, 2 erroneously duplicated registers. Abbreviation: IC, informed consent. detectable viral load in the 48-week window (triple, 130 and 68; dual, 116 and 79 HIV-RNA copies/mL). One additional participant randomized to the dual-therapy group had a detectable viral load (80 copies/mL) at the baseline determination; he was discontinued 2 weeks later when failure was confirmed. The other participant considered a virological failure in the dual arm was discontinued at week 24 after confirmed virological rebound (988 and 259 copies/ mL). The proportions of participants without virological failure in the observed data analysis were 96.6% and 98.3% (112/116 in dual and 114/116 in triple; difference, -1.7%; 95% CI, -5.8% to 2.4%).
There were 14 participants with viral load blips in the dual-therapy group and 17 in the triple-therapy group. Persistent virological response (defined as absence of protocol-defined virological failure or any blip; ITT-e population) was 85.7% (108/126) in the dual-therapy arm and 84.5% (104/123) in the triple-therapy arm (difference, 1.2%; 95% CI, -7.8 to 10.1; ( Figure 2B, Supplementary Figure S1 ).
Three participants in the dual arm had a viral load >400 copies/ mL during the study (2 of them with protocol-defined virological failure). Samples from 2 of the 3 participants could be amplified showing wild-type virus in both cases. Two participants had a viral load >400 copies/mL in the triple-therapy arm (none of them with protocol-defined virological failure). One sample from these 2 participants could be amplified showing the L10I, A71T, and L76W mutations in the protease gene, with the virus remaining fully susceptible to darunavir. None of the 3 available resistance tests showed the M184V mutation to lamivudine.
Most participants experienced at least 1 adverse event; 69.8% (88/126) in the dual-therapy arm and 75.6% (93/123) in the triple-therapy arm (Table 2) , of whom 4.8% (6/126) and 4.9% (6/123), respectively, experienced serious adverse events (P = .97). Study drug discontinuations due to adverse events occurred in 0.8% (1/126) vs 1.6% (2/123; P = .55) in the dualand triple-therapy arms, respectively.
The most frequent adverse events, occurring in at least 5% of participants, were respiratory infections and gastrointestinal and muscular or skeletal events; these were comparable between arms (Table 2) . No deaths or AIDS-defining events occurred during the trial. Numbers of grade 3 or 4 laboratory adverse events were small and comparable in both arms (Table 3) .
Switching to dual therapy was associated with a significant increase in total, low-density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol, but not in the total-to-HDL cholesterol ratio, in those participants who received tenofovir disoproxil fumarate at baseline ( Figure 3A ). There was no significant Figure 2 . Outcome at 48 weeks. A, Primary endpoint. Snapshot analysis in the intention-to-treat exposed (ITT-e) population. B, Secondary and sensitivity analyses (differences and 95% confidence intervals). Per protocol, snapshot analysis in the per protocol population; ITT, snapshot analysis in the ITT population; observed data, excluding discontinuations due to nonvirological reasons; PVR (no virological failure, no blips) in the ITT-e population. Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; ITT-e, intention-to-treat exposed; PVR, persistent virological response; TLOVR, time to loss of virological response (Food and Drug Administration algorithm). Dual therapy = switching to darunavir/r + lamivudine. Triple therapy = maintain triple therapy with darunavir/r + 2 nucleos(t)ide reverse transcriptase inhibitor. Data are expressed as median (interquartile range) or n (%).
change in lipids in participants who received abacavir at baseline ( Figure 3A) . A nonsignificant improvement in estimated creatinine clearance was observed in participants on tenofovir disoproxil fumarate therapy after switching to dual therapy compared to those who were maintained on triple therapy ( Figure 3B ).
DISCUSSION
The results of the DUAL trial indicate that the combination of darunavir/ritonavir and lamivudine is as efficacious as triple therapy with darunavir/ritonavir and 2 nucleos(t)ides for maintenance of virological suppression in HIV-infected participants without resistance to darunavir or lamivudine. Our primary analysis and 5 sensitivity analyses support the noninferiority of the dual-therapy strategy. In the primary analysis, the small and nonsignificant difference in favor of triple therapy (3.8%) in the proportion of participants with HIV-RNA <50 copies/mL at week 48 was motivated mainly by nonvirological reasons.
In noninferiority studies it is important to include a control arm that represents standard clinical practice and to show that the active control arm performs in the new trial as well as in prior trials. This is the case with DUAL. The combination of tenofovir disoproxil fumarate/emtricitabine or abacavir/lamivudine and darunavir/ritonavir is a standard regimen in clinical practice and was maintained at a high rate (93%) of virological suppression at week 48. This rate of suppression is even higher than the one expected in our original assumptions and strengthens our claim of noninferiority of the dual-therapy combination.
We were interested in determining whether the dual combination could ensure a maintained viral load suppression as well as triple therapy. This is a relevant issue because other simplification strategies such as boosted protease inhibitor monotherapy had a higher risk of episodes of low-level viremia. In DUAL we analyzed the proportion of participants who had suppressed viremia at all visits that included a viral load measurement. The proportion of participants with persistent virological response was not lower for the dual-therapy arm (85.7%) than for the triple-therapy arm (84.5%). In addition, we did not find differences in the proportion of participants with blips. We believe these are important results that challenge the need for using a nucleos(t)ide other than lamivudine in participants treated with fully active darunavir maintaining virological suppression. Similar results were seen in the OLE clinical trial [5] .
Virological failure was very rare in both arms. Only 5 participants had viral rebounds >400 HIV-RNA copies/mL and none had virological failure associated with the development of the M184V mutation. Our results add to prior studies of dual therapy with a boosted protease inhibitor and lamivudine that have not shown a higher risk of developing lamivudine resistance [2] [3] [4] [5] .
Both treatments were well tolerated, with a very low rate of discontinuation due to adverse events or intolerance. This is an expected result because the DUAL trial already included participants who were tolerating darunavir/ritonavir and 2 nucleos(t)ides. In a 48-week trial it is not possible to estimate the long-term safety advantage of using only lamivudine as a single nucleoside. We believe that in the long term it is very likely that avoiding tenofovir disoproxil fumarate or abacavir would 
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Genitourinary: patients with ≥1 AE Total
.614
General disorders: patients with ≥1 AE Total
Ear, nose, throat: patients with ≥1 AE Total
Oral cavity: patients with ≥1 AE Total
.184
Data are n (%). Dual therapy = switching to darunavir/r + lamivudine. Triple therapy = maintain triple therapy with darunavir/r + 2 nucleos(t)ide reverse transcriptase inhibitors.
Abbreviation: AE, adverse event. a One case of hyperlipidemia. One case of diarrhea, one case of Hodgkin's lymphoma. Total cholesterol (>300 mg/dL) 4 (3) 3 (2) .725
Triglycerides (>750 mg/dL) 0 0
Data are number of patients with 1 or more adverse events (%).. Dual therapy = switching to darunavir/r + lamivudine. Triple therapy = maintain triple therapy with darunavir/r + 2 nucleos(t)ide reverse transcriptase inhibitors.
Abbreviation: ULN, upper limit of normal.
translate to better safety outcomes since both drugs have been associated with short-and long-term adverse events [12] [13] [14] . We found small differences between treatment groups in safety parameters. Total, LDL and HDL cholesterol significantly increased in the dual-therapy arm compared to the triple-therapy arm but with no significant difference in the total cholesterol-to-HDL ratio. These results were, as expected, more pronounced in participants who stopped tenofovir. It is well known that tenofovir has a lipid-lowering effect [15] . Although differences were small, we found a nonstatistically significant increase in the estimated creatinine clearance in participants who stopped tenofovir in the dual-therapy arm.
One important limitation of our study results is that noninferiority of the dual-therapy strategy can be proven with only a margin of 12%. The same noninferiority margin has been used in prior registrational trials in which a switch in strategies in virologically suppressed patients was evaluated [16] [17] [18] . However, since November 2015, after the DUAL trial had finished enrollment, FDA has recommended that trials that evaluate switch strategies should select a primary endpoint that is focused not on the proportions of suppressed patients but on the rate of virological failure in each treatment group. For this different endpoint, the FDA advises use of a noninferiority margin of 4% [8] . DUAL does not have enough statistical power to prove noninferiority with this new endpoint. However, virological failures were very rare in DUAL and not associated with the development of resistance.
A total of 1051 patients have been included in DUAL, OLE, SALT, and ATLAS-M [3] [4] [5] . In each trial the dual-therapy combination of a boosted protease inhibitor and lamivudine was noninferior compared with triple therapy with a boosted protease inhibitor and 2 nucleos(t)ides using the same noninferiority margin of 12%. It would be interesting to perform a metaanalysis of these 4 trials to determine if the dual-therapy strategy is also noninferior to triple therapy using the current endpoint recommended by FDA.
The other limitation of DUAL is its open-label design, which could lead to bias. However, one advantage is that the daily number of pills did not change after randomization because the only intervention was to change coformulated nucleos(t)ides for lamivudine.
We believe that the results of DUAL, OLE, SALT, and ATLAS-M strongly support the strategy of using a fully active boosted protease inhibitor and lamivudine as a therapeutic option in virologically suppressed patients. Currently, results of DUAL are probably the most relevant of all of these trials because darunavir is the only protease inhibitor recommended as a preferred or alternative regimen in all international expert guidelines [6, 7, 19] . One additional benefit of the dual-therapy strategy is a better cost-efficacy profile since the cost of lamivudine, a generic drug, is lower than the cost of any combination of 2 nucleosides.
In summary, results of the DUAL study support the use of the combination of darunavir/ritonavir and lamivudine as a switch strategy in HIV-1-infected patients who are virologically suppressed while receiving darunavir/ritonavir and 2 nucleos(t)ides. This strategy has the benefit of using darunavir, a boosted protease inhibitor with a good efficacy and safety profile, and lamivudine, a nucleoside with an excellent long-term safety profile.
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